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1. 

LOCAL CLEARNG CONTROL 

BACKGROUND 

1. Technical Field 5 
This invention relates, in general, to processing within a 

computing environment, and in particular, to selectively 
clearing a local Translation Lookaside Buffer (TLB) of a 
processor or a plurality of Translation Lookaside Buffers of a 
plurality of processors. 10 

2. Description of Related Art 
As described in U.S. Pat. No. 7,284,100, INVALIDATING 

STORAGE, CLEARING BUFFER ENTRIES, AND AN 
INSTRUCTIONTHEREFORE, filed May 12, 2003, which is 
hereby incorporated by reference, selected units of storage, 15 
Such as segments of storage or regions of storage, are invali 
dated. The invalidation is facilitated by the setting of invali 
dation indicators located in data structure entries correspond 
ing to the units of storage to be invalidated. Additionally, 
buffer entries associated with the invalidated units of storage 20 
or other chosen units of storage are cleared. An instruction is 
provided to perform the invalidation and/or clearing. More 
over, buffer entries associated with a particular address space 
are cleared, without any invalidation. This is also performed 
by the instruction. The instruction can be implemented in 25 
software, hardware, firmware or some combination thereof, 
or it can be emulated. 

SUMMARY 
30 

In an embodiment, a computer program product for selec 
tively clearing a localTranslation Lookaside Buffer (TLB) of 
a processor or a plurality of Translation Lookaside Buffers of 
a plurality of processors is provided. The computer program 
product includes: computer readable storage medium having 35 
program code embodied therewith, the program code read 
able by a computer processor to perform a method. The 
method includes: executing, by the processor, an instruction. 
The executing includes: determining one or more translation 
table entry locations specified by the instruction; based on a 40 
local-clearing (LC) control specified by the instruction being 
a first value, selectively clearing TLBs in a plurality of pro 
cessors in a configuration, of entries corresponding to the 
determined translation table entry location; and based on the 
local-clearing (LC) being a second value, selectively clearing 45 
only the TLBS of the processor of the configuration executing 
the instruction, of entries corresponding to the determined 
translation table entry location. 

In another embodiment, a computer system for selectively 
clearing a local Translation Lookaside Buffer (TLB) of a 50 
processor or a plurality of Translation Lookaside Buffers of a 
plurality of processors is provided. The system includes: a 
memory; and a processor configured to communicate with the 
memory. The computer system is configured to perform a 
method which includes: executing, by the processor, an 55 
instruction. The executing includes: determining one or more 
translation table entry locations specified by the instruction; 
based on a local-clearing (LC) control specified by the 
instruction being a first value, selectively clearing TLBS in a 
plurality of processors in a configuration, of entries corre- 60 
sponding to the determined translation table entry location; 
and based on the local-clearing (LC) being a second value, 
selectively clearing only the TLBs of the processor of the 
configuration executing the instruction, of entries corre 
sponding to the determined translation table entry location. 65 

In a further embodiment, a computer implemented method 
for selectively clearing a local Translation Lookaside Buffer 

2 
(TLB) of a processor or a plurality of Translation Lookaside 
Buffers of a plurality of processors is provided. The method 
includes: executing, by the processor, an instruction. The 
executing includes: determining one or more translation table 
entry locations specified by the instruction; based on a local 
clearing (LC) control specified by the instruction being a first 
value, selectively clearingTLBS in a plurality of processors in 
a configuration, of entries corresponding to the determined 
translation table entry location; and based on the local-clear 
ing (LC) being a second value, selectively clearing only the 
TLBs of the processor of the configuration executing the 
instruction, of entries corresponding to the determined trans 
lation table entry location. 

Additional features and advantages are realized through 
the techniques described. Other embodiments and aspects are 
described in detail herein and are considered included. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects, features, and advantages are apparent 
from the following detailed description taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 depicts one embodiment of a computing environ 
ment incorporating and using one or more aspects; 

FIG. 2 depicts one embodiment of further details associ 
ated with a controller of FIG. 1; 

FIG.3 depicts one embodiment of a host computer that can 
emulate another computer; 

FIG. 4 depicts the instruction image of the COMPARE 
AND REPLACE DAT TABLE ENTRY instruction, and the 
operation thereof; 

FIG. 5 depicts the register operands of the COMPARE 
AND REPLACE DAT TABLE ENTRY instruction: 

FIG. 6 depicts the Mafield; and 
FIG. 7 depicts a computer readable medium. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Computing environments may use virtual storage which is 
normally maintained in auxiliary storage to increase the size 
of available storage. When a page of virtual storage is refer 
enced, the virtual address used in referencing the page is 
translated by dynamic address translation to a real storage 
address. If the translation is successful, then the virtual stor 
age is valid; otherwise, it is invalid. A page of virtual storage 
is indicated as valid or invalid by an invalid bit in a page table 
entry, which entry includes a real storage address if the page 
is valid. 

Pages of storage can be invalidated a page at a time. For 
instance, in a computing environment based on the Z/Archi 
tecture, offered by International Business Machines Corpo 
ration, an instruction, referred to as an Invalidate Page Table 
Entry (IPTE) instruction, is used to invalidate one or more 
pages of virtual storage. Invalidation includes setting an 
invalid indicator in a control structure, associated with virtual 
storage and located in physical main storage, to indicate that 
a virtual address of a location in the virtual storage cannot be 
translated by dynamic address translation to a physical main 
storage address, also called a real address. Further, the 
instruction is used to clear internal machine buffer entries 
associated with the page, which entries may be used during 
dynamic address translation to avoid accessing the control 
structures in physical main storage. For instance, in the Z/Ar 
chitecture, there are Translation Lookaside Buffers used dur 
ing dynamic address translation of virtual addresses to real 
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addresses. When a page of storage is invalidated, the corre 
sponding buffers are also cleared of entries associated with 
that page. 

There are also instructions that enable the purging of entire 
Translation Lookaside Buffers. For instance, in the Z/Archi 
tecture, an instruction referred to as a Compare and Swap and 
Purge (CSP) instruction, purges all entries of Translation 
Lookaside Buffers in all CPUs in the configuration; PURGE 
TLB clears all entries of the TLB on the CPU which executes 
the instruction. 
Translation-Lookaside Buffer 

To enhance performance, the dynamic-address-translation 
mechanism normally is implemented Such that Some of the 
information specified in the region tables, segment tables, and 
page tables is maintained in a special buffer, referred to as the 
translation-lookaside buffer (TLB). The CPU necessarily 
refers to a DAT-table entry in real or absolute storage only for 
the initial access to that entry. This information may be placed 
in the TLB, and subsequent translations may be performed by 
using the information in the TLB. For consistency of opera 
tion, the virtual-equals-real translation specified by a real 
space designation also may be performed by using informa 
tion in the TLB. The presence of the TLB affects the 
translation process to the extent that (1) a modification of the 
contents of a table entry in real or absolute storage does not 
necessarily have an immediate effect, if any, on the transla 
tion, (2) a region-first-table origin, region-second-table ori 
gin, region-third-table origin, segment-table origin, or real 
space token origin in an address-space-control element 
(ASCE) may select a TLB entry that was formed by means of 
an ASCE containing an origin of the same value even when 
the two origins are of different types, and (3) the comparison 
against the table length in an address-space-control element 
may be omitted if a TLB equivalent of the designated table is 
used. In a multiple-CPU configuration, each CPU has its own 
TLB. 
Entries within the TLB are not explicitly addressable by the 
program. 

Information is not necessarily retained in the TLB under all 
conditions for which such retention is permissible. Further 
more, information in the TLB may be cleared under condi 
tions additional to those for which clearing is mandatory. 
TLB Structure 
The description of the logical structure of the TLB covers 

the implementation by all systems operating as defined by 
Z/Architecture. The TLB entries are considered as being of six 
types: TLB region-first-table entries, TLB region-second 
table entries, TLB region-third-table entries (collectively 
called TLB region-table entries), TLB segment-table entries, 
TLB page-table entries, and TLB real-space entries. A TLB 
region-table entry, TLB segment-table entry, or TLB page 
table entry is considered as containing within it both the 
information obtained from the table entry in real or absolute 
storage and the attributes used to fetch this information from 
storage. ATLB real-space entry is considered as containing a 
page-frame real address and the real-space token origin and 
region, segment, and page indexes used to form the entry. 
Any applicable TLB region-table entries, the TLB seg 

ment-table entry, and the TLB page-table entry may be 
merged into a single entry called a TLB composite table entry. 
In a similar manner, an implementation may combine any 
contiguous subset of table levels. When this happens, the 
intermediate table origins, offsets, and lengths need not be 
buffered. 
An equivalent to the TLB combined region-and-segment 

table entry (CRSTE), described in previous versions of the 
architecture, may beformed which maps a table origin, region 
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4 
index, segment index, and common-segment bit to a segment 
frame absolute address or page-table origin (and other desig 
nated fields). 
The token origin in a TLB real-space entry is indistinguish 

able from the table origin in a TLB composite-, region-, or 
segment-table entry. 
Note: 
The following sections describe the conditions under 

which information may be placed in the TLB, the conditions 
under which information from the TLB may be used for 
address translation, and how changes to the translation tables 
affect the translation process. 
Formation of TLB Entries 
The formation of TLB region-table entries, TLB segment 

table entries and TLB page-table entries from table entries in 
real or absolute storage, and the effect of any manipulation of 
the contents of table entries in storage by the program, depend 
on whether the entries in storage are attached to a particular 
CPU and on whether the entries are valid. 
The attached state of a table entry denotes that the CPU to 

which it is attached can attempt to use the table entry for 
implicit address translation, except that a table entry for the 
primary or home address space may be attached even when 
the CPU does not fetch from either of those spaces. A table 
entry may be attached to more than one CPU at a time. 
The valid state of a table entry denotes that the region set, 
region, segment, or page associated with the table entry is 
available. An entry is valid when the region-invalid, segment 
invalid, or page-invalid bit in the entry is Zero. 
A region-table entry, segment-table entry, or page-table 

entry may be placed in the TLB whenever the entry is attached 
and valid and would not cause a translation-specification 
exception if used for translation. 
The region-table entries, if any, and the segment-table 

entry, if any, used to translate a virtual address are called a 
translation path. The highest-level table entry in a translation 
path is attached when it is within a table designated by an 
attaching address-space-control element (ASCE). “Within a 
table” means as determined by the origin and length fields in 
the ASCE. An ASCE is an attaching ASCE when all of the 
following conditions are met: 

1. The current PSW specifies DAT on. 
2. The current PSW contains no errors that would cause an 

early specification exception to be recognized. 
3. The ASCE meets the requirements ina, b, c, ord, below. 

a. The ASCE is the primary ASCE in control register 1. 
b. The ASCE is the secondary ASCE in control register 

7, and any of the following requirements is met: 
The CPU is in the secondary-space mode or access 

register mode. 
The CPU is in the primary-space mode, and the sec 

ondary-space control, bit 37 of control register 0, is 
OC. 

The M operand of LOAD PAGE TABLE ENTRY 
ADDRESS explicitly allows access to the second 
ary space or explicitly allows access-register trans 
lation. 

Either operand's operand-access control (OAC) of 
MOVE WITH OPTIONAL SPECIFICATIONS 
explicitly allows access to the secondary space or 
explicitly allows access-register translation. 

For further explanation of the term “explicitly 
allows.” used in the above two items, see the pro 
gramming note, below. 

c. The ASCE is in either an attached and valid ASN 
second-table entry (ASTE) or a usable ALB ASTE, 
and any of the following requirements is met: 
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The CPU is in the access-register mode. 
The M field of LOAD PAGE TABLE ENTRY 
ADDRESS explicitly allows access-register trans 
lation to be performed. 

Either operand’s OAC of MOVE WITH OPTIONAL 
SPECIFICATIONS explicitly allows access-regis 
ter translation to be performed. 

d. The ASCE is the home ASCE in control register 13. 
Regardless of whether DAT is on or off, an ASCE is also an 

attaching ASCE when the current PSW contains no errors that 
would cause an early specification exception to be recog 
nized, and any of the following condition is met: 
The home ASCE is considered to be an attaching ASCE 
when a monitor-event counting operation occurs. 

Each of the remaining table entries in a translation path is 
attached when it is within the table designated either by an 
attached and valid entry of the next higher level which would 
not cause a translation-specification exception if used for 
translation or by a usable TLB entry of the next higher level. 
“Within the table” means as determined by the origin, offset, 
and length fields in the next-higher-level entry. A usable TLB 
entry is explained in the next section. 
A page-table entry is attached when it is within the page 

table designated by eitheran attached and valid segment-table 
entry that would not cause a translation-specification excep 
tion if used for translation or a usable TLB segment-table 
entry. 
A region-table entry or segment-table entry causes a trans 

lation-specification exception if the table-type bits, bits 60 
and 61, in the entry are inconsistent with the level at which the 
entry would be encountered when using the translation pathin 
the translation process. A segment-table entry also causes a 
translation-specification exception if the private-space-con 
trol bit is one in the address-space-control element used to 
select it and the common-segment bit is one in the entry. 
When EDAT-2 applies, a region-third-table entry also causes 
a translation-specification exception if the private-space-con 
trol bit is one in the address-space-control element used to 
select it and the common-region bit is one in the entry. A 
page-table entry causes a translation-specification exception 
if bit 52 in the entry is one. When EDAT-1 does not apply, a 
page-table entry also causes a translation-specification 
exception if bit 55 in the entry is one. 
ATLB real-space use an early specification exception to be 

recognized, and any of the following conditions is met: 
The home ASCE is considered to be an attaching ASCE 
when a monitor-event counting operation occurs. 

Each of the remaining table entries in a translation path is 
attached when it is within the table designated either by an 
attached and valid entry of the next higher level which would 
not cause a translation-specification exception if used for 
translation or by a usable TLB entry of the next higher level. 
“Within the table” means as determined by the origin, offset, 
and length fields in the next-higher-level entry. A usable TLB 
entry is explained in the next section. 
A page-table entry is attached when it is within the page 

table designated by eitheran attached and valid segment-table 
entry that would not cause a translation-specification excep 
tion if used for translation or a usable TLB segment-table 
entry. 
A region-table entry or segment-table entry causes a trans 

lation-specification exception if the table-type bits, bits 60 
and 61, in the entry are inconsistent with the level at which the 
entry would be encountered when using the translation pathin 
the translation process. A segment-table entry also causes a 
translation-specification exception if the private-space-con 
trol bit is one in the address-space-control element used to 
select it and the common-segment bit is one in the entry. 
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6 
When EDAT-2 applies, a region-third-table entry also causes 
a translation-specification exception if the private-space-con 
trol bit is one in the address-space-control element used to 
select it and the common-region bit is one in the entry. A 
page-table entry causes a translation-specification exception 
if bit 52 in the entry is one. When EDAT-1 does not apply, a 
page-table entry also causes a translation-specification 
exception if bit 55 in the entry is one. 

Subject to the attached and valid constraints defined above, 
the CPU may form TLB entries in anticipation of future 
storage references or as a result of the speculative execution 
of instructions. 
Programming Note: 

In the above list of conditions for an ASCE to be attaching, 
item 3.b and 3.c use the term “explicitly allows . . . . as 
explained below: 
LPTEA explicitly allows access to the secondary space 
when the M field is 0010 binary. 

LPTEA explicitly allows ART to be performed when the 
M field is 0001 binary. 

Either operand of MVCOS explicitly allows access to the 
secondary space when bits 8-9 of the operand’s OAC are 
10 binary, bit 15 of the OAC is one, and the secondary 
space control, bit 37 of control register 0, is one. 

Either operand of MVCOS explicitly allows ART to be 
performed when bits 8-9 of the operand’s OAC are 01 
binary, and bit 15 of the OAC is one. 

Use of TLB Entries 
The usable state of a TLB entry denotes that the CPU can 

attempt to use the TLB entry for implicit address translation. 
Ausable TLB entry attaches the next-lower-level table, ifany, 
and may be usable for a particular instance of implicit address 
translation. 

With reference to a TLB entry, the term “current level” 
refers to the level of translation table (region first table, region 
second table, region third table, segment table, or page table) 
from which the TLB entry was formed. Likewise, the “cur 
rent-level index' is that portion of the virtual address used as 
an index into the current level of translation table. 
ATLB region- or segment-table entry is in the usable state 

when all of the following conditions are met: 
1. The current PSW specifies DAT on. 
2. The current PSW contains no errors that would cause an 

early specification exception to be recognized. 
3. The TLB entry meets at least one of the following 

requirements: 
a. The common-region bit is one in a TLB region-third 

table entry. 
b. The common-segment bit is one in a TLB segment 

table entry. 
c. The ASCE-table-origin (ASCETO) field in the TLB 

entry matches the table- or token-origin field in an 
attaching address-space-control element. 

d. The TLB entry is a TLB region-second-table, region 
third-table, or segment-table entry, and the current 
level table-origin field in the TLB entry matches one 
of the following: 
The table-origin field in an attaching ASCE which 

directly designates the current table level (as indi 
cated by the Rand DT bits) 

The table-origin field in an attached region-table entry 
of the next higher level 

The table-origin field of the same level in a usable 
TLB region-table entry of the next higher level 

A TLB region-table entry may be used for a particular 
instance of implicit address translation only when the entry is 
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in the usable state, the current-level index field in the TLB 
entry matches the corresponding index field of the virtual 
address being translated, and any of the following conditions 
is met: 

1. The ASCE-table-origin (ASCETO) field in the TLB 
entry matches the table- or token-origin field in the 
address-space-control element being used in the trans 
lation, and the portion of the virtual address being trans 
lated which is to the left of the current-level index 
matches the corresponding index fields in the TLB entry. 

2. The address-space-control element being used in the 
translation designates a table of the current level, and the 
current-level table-origin field in the TLB entry matches 
the table origin in that address-space-control element. 

3. The current-level table-origin field in the TLB entry 
matches the table origin of the same level in the next 
higher-level table entry or TLB entry being used in the 
translation. 

4. For a TLB region-third-table entry, the common-region 
bit is one in the TLB entry, and the region-first-index and 
region-second-index fields in the TLB entry matches 
those of the virtual address being translated. 

However, when EDAT-2 applies, the TLB region-third 
table entry is not used if the common-region bit is one in the 
entry and either the private-space-control bit is one in the 
address-space-control element being used in the translation 
or that address-space-control element is a real-space desig 
nation. In both these cases, the TLB entry is not used even if 
the ASCE-table-origin (ASCETO) field in the entry and the 
table- or token-origin field in the address-space-control ele 
ment match. 
A TLB segment-table entry may be used for a particular 

instance of implicit address translation only when the entry is 
in the usable state, the segment-index field in the TLB entry 
matches that of the virtual address being translated, and any 
of the following conditions is met: 

1. The ASCE-table-origin (ASCETO) field in the TLB 
entry matches the table- or token-origin field in the 
address-space-control element being used in the trans 
lation, and the region-index field in the TLB entry 
matches that of the virtual address being translated. 

2. The segment-table-origin field in the TLB entry matches 
the table-origin field in the address-space-control ele 
ment being used in the translation, and that address 
space-control element is a segment-table designation. 

3. The segment-table-origin field in the TLB entry matches 
the segment-table-origin field in the region-third-table 
entry or TLB region-third-table entry being used in the 
translation. 

4. The common-segment bit is one in the TLB entry, and 
the region-index field in the TLB entry matches that of 
the virtual address being translated. 

However, the TLB segment-table entry is not used if the 
common-segment bit is one in the entry and either the private 
space-control bit is one in the address-space-control element 
being used in the translation or that address-space-control 
element is a real-space designation. In both these cases, the 
TLB entry is not used even if the ASCE-table-origin (ASC 
ETO) field in the entry and the table- or token-origin field in 
the address-space-control element match. 
A TLB page-table entry may be used for a particular 

instance of implicit address translation only when the page 
table-origin field in the entry matches the page-table-origin 
field in the segment-table entry or TLB segment-table entry 
being used in the translation and the page-index field in the 
TLB page-table entry matches the page index of the virtual 
address being translated. 
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8 
A TLB real-space entry may be used for implicit address 

translation only when the token-origin field in the TLB entry 
matches the table- or token-origin field in the address-space 
control element being used in the translation and the region 
index, segment-index, and page-index fields in the TLB entry 
match those of the virtual address being translated 
The operand addresses of LOAD PAGE-TABLE-ENTRY 

ADDRESS, LOAD REAL ADDRESS, and STORE REAL 
ADDRESS, and accesses to the enhanced-monitor counting 
array may be translated with the use of the TLB contents 
whether DAT is on or off. However, for LOAD PAGE 
TABLE-ENTRY ADDRESS, LOAD REAL ADDRESS, and 
STORE REAL ADDRESS, TLB entries still are formed only 
if DAT is on. 

Programming Notes: 
1. Although contents of a table entry may be copied into the 
TLB only when the table entry is both attached and valid, 
the copy may remain in the TLB even when the table 
entry itself is no longer attached or valid. 

2. Except when translations are performed as a result of 
enhanced-monitor counting operations, no contents can 
be copied into the TLB when DAT is off because the 
table entries at this time are not attached. In particular, 
translation of the operand address of LOAD PAGE 
TABLE-ENTRY ADDRESS, LOAD REAL ADDRESS 
and STORE REAL ADDRESS with DAT off does not 
cause entries to be placed in the TLB. 
Conversely, when DAT is on, information may be copied 

into the TLB from all translation-table entries that 
could be used for address translation, given the cur 
rent translation parameters, the setting of the address 
space-control bits, and the contents of the access reg 
isters. The loading of the TLB does not depend on 
whether the entry is used for translation as part of the 
execution of the current instruction, and Such loading 
can occur when the CPU is in the wait state. 

3. More than one copy of contents of a table entry may exist 
in the TLB. For example, Some implementations may 
cause a copy of contents of a valid table entry to be 
placed in the TLB for the table origin in each address 
space-control element by which the entry becomes 
attached. 

Modification of Translation Tables 
When an attached and invalid table entry is made valid and 

no entry usable for translation of the associated virtual 
address is in the TLB, the change takes effect no later than the 
end of the current unit of operation. Similarly, when an unat 
tached and valid table entry is made attached and no usable 
entry for the associated virtual address is in the TLB, the 
change takes effect no later than the end of the current unit of 
operation. 
When a valid and attached table entry is changed, and 

when, before the TLB is cleared of entries that qualify for 
substitution for that entry, an attempt is made to refer to 
storage by using a virtual address requiring that entry for 
translation, unpredictable results may occur, to the following 
extent. The use of the new value may begin between instruc 
tions or during the execution of an instruction, including the 
instruction that caused the change. Moreover, until the TLB is 
cleared of entries that qualify for substitution for that entry, 
the TLB may contain both the old and the new values, and it 
is unpredictable whether the old or new value is selected for a 
particular access. If both old and new values of a higher-level 
table entry are present in the TLB, a lower-level table entry 
may be fetched by using one value and placed in the TLB 
associated with the other value. If the new value of the entry 
is a value that would cause an exception, the exception may or 
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may not cause an interruption to occur. If an interruption does 
occur, the result fields of the instruction may be changed even 
though the exception would normally cause Suppression or 
nullification. 

Entries are cleared from the TLB in accordance with the 
following rules: 

1. All entries are cleared from the TLB by the execution of 
PURGE TLB or SET PREFIX and by CPU reset. 

2. All entries may be cleared from all TLBs in the configu 
ration by the execution of COMPARE AND SWAP 
AND PURGE by any of the CPUs in the configuration, 
depending on a bit in a general register used by the 
instruction. 

3. Selected entries are cleared from all TLBs in the con 
figuration by the execution of INVALIDATE DAT 
TABLE ENTRY or INVALIDATE PAGE TABLE 
ENTRY by any of the CPUs in the configuration. 

4. Some or all TLB entries may be cleared at times other 
than those required by the preceding rules. 

Programming Notes: 
1. Entries in the TLB may continue to be used for transla 

tion after the table entries from which they have been 
formed have become unattached or invalid. These TLB 
entries are not necessarily removed unless explicitly 
cleared from the TLB. 
A change made to an attached and valid entry or a 

change made to a table entry that causes the entry to 
become attached and valid is reflected in the transla 
tion process for the next instruction, or earlier than the 
next instruction, unless a TLB entry qualifies for sub 
stitution for that table entry. However, a change made 
to a table entry that causes the entry to become unat 
tached or invalid is not necessarily reflected in the 
translation process until the TLB is cleared of entries 
that qualify for substitution for that table entry. 

2. Exceptions associated with dynamic address translation 
may be established by a pretest for operand accessibility 
that is performed as part of the initiation of instruction 
execution. Consequently, a region-first-translation, 
region-second-translation, region-third-translation, seg 
ment-translation, or page-translation exception may be 
indicated when a table entry is invalid at the start of 
execution even if the instruction would have validated 
the table entry it uses and the table entry would have 
appeared valid if the instruction was considered to pro 
cess the operands one byte at a time. 

3. A change made to an attached table entry, except to set 
the I bit to zero, to set the CO bit of a segment- or 
page-table entry to one, or to alter the rightmost byte of 
a page-table entry, may produce unpredictable results if 
that entry is used for translation before the TLB is 
cleared of all copies of contents of that entry. The use of 
the new value may begin between instructions or during 
the execution of an instruction, including the instruction 
that caused the change. When an instruction, Such as 
MOVE (MVC), makes a change to an attached table 
entry, including a change that makes the entry invalid, 
and Subsequently uses the entry for translation, a 
changed entry is being used without a prior clearing of 
the entry from the TLB, and the associated unpredict 
ability of result values and of exception recognition 
applies. 
Manipulation of attached table entries may cause spuri 

ous table-entry values to be recorded in a TLB. For 
example, if changes are made piecemeal, modifica 
tion of a valid attached entry may cause a partially 
updated entry to be recorded, or, if an intermediate 
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10 
value is introduced in the process of the change, a 
Supposedly invalid entry may temporarily appear 
valid and may be recorded in the TLB. Such an inter 
mediate value may be introduced if the change is 
made by an I/O operation that is retried, or if an 
intermediate value is introduced during the execution 
of a single instruction. 

As another example, if a segment-table entry is changed 
to designate a different page table and used without 
clearing the TLB, the new page-table entries may be 
fetched and associated with the old page-table origin. 
In such a case, execution of INVALIDATE PAGE 
TABLE ENTRY designating the new page-table ori 
gin will not necessarily clear the page-table entries 
fetched from the new page table. 

4. To facilitate the manipulation of page tables, the 
INVALIDATE PAGE TABLE ENTRY instruction is 
provided. This instruction sets the I bit in a page-table 
entry to one and clears one or more TLBS in the configu 
ration of entries formed from those table entries as fol 
lows: 
a. All TLBs in the configuration are cleared when the 

local-TLB-clearing facility is not installed, or when 
the facility is installed and the instruction specifies the 
clearing of all TLBs (that is, the local-clearing control 
in the instruction is Zero). 

b. Only the TLB in the CPU executing the INVALIDATE 
PAGE TABLE ENTRY instruction is cleared when 
the local-TLB-clearing facility is installed and the 
instruction specifies the clearing of only the local 
TLB (that is, the local-clearing control in the instruc 
tion is one). 

The following aspects of the TLB operation should be 
considered when using INVALIDATE PAGE TABLE 
ENTRY. (See also the programming notes for INVALIDATE 
PAGE TABLE ENTRY) 

a. INVALIDATE PAGE TABLE ENTRY should be 
executed before making any change to a page-table entry 
other than changing the rightmost byte; otherwise, the 
selective-clearing portion of INVALIDATE PAGE 
TABLE ENTRY may not clear the TLB copies of the 
entry. 

. Invalidation of all the page-table entries within a page 
table by means of INVALIDATE PAGE TABLE 
ENTRY does not necessarily clear the TLB of any seg 
ment-table entry designating the page table. When it is 
desired to invalidate and clear the TLB of a region- or 
segment-table entry, the rules in note 5 below must be 
followed. 
Similarly, invalidation of all the lower-level table entries 

within a region or segment table by means of 
INVALIDATE DAT TABLE ENTRY does not neces 
sarily clear the TLB of any higher-level table entry 
designating the lower-level table. When it is desired to 
invalidate and clear the TLB of a higher-level table 
entry, the rules in note 5 below must be followed. 

... When a large number of page-table entries are to be 
invalidated at a single time, the overhead involved in 
using COMPARE AND SWAP AND PURGE (one that 
purges the TLB), INVALIDATE DAT TABLE ENTRY, 
or PURGE TLB and in following the rules in note 5 
below may be less than in issuing INVALIDATE PAGE 
TABLE ENTRY for each page-table entry. 

. Manipulation of table entries should be in accordance 
with the following rules. If these rules are complied 
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with, translation is performed as if the table entries from 
real or absolute storage were always used in the transla 
tion process. 
a. A valid table entry must not be changed while it is 

attached to any CPU and may be used for translation 
by that CPU except to (1) invalidate the entry by using 
INVALIDATE PAGE TABLE ENTRY or INVALI 
DATE DAT TABLE ENTRY, (2) alter bits 56-63 of a 
page-table entry, (3) make a change by means of a 
COMPARE AND SWAP AND PURGE instruction 
that purges the TLB, or (4) replace an entry by using 
COMPARE AND REPLACE DAT TABLE ENTRY. 

b. When any change is made to an attached and valid or 
unattached table entry other than a change to bits 
56-63 of a page-table entry, each CPU which may 
have a TLB entry formed from that entry must be 
caused to purge its TLB after the change occurs and 
prior to the use of that entry for implicit translation by 
that CPU. (Note that a separate purge is unnecessary if 
the change was made by using COMPARE AND 
REPLACE DAT TABLE ENTRY, INVALIDATE 
DAT TABLE ENTRY, INVALIDATE PAGE TABLE 
ENTRY, or a COMPARE AND SWAP ANDPURGE 
instruction that purges the TLB.) In the case when the 
table entry is attached and valid, this rule applies 
when it is known that a program is not being executed 
that may require the entry for translation. 

c. When any change is made to an invalid table entry in 
Such a way as to allow intermediate valid values to 
appear in the entry, each CPU to which the entry is 
attached must be caused to purge its TLB after the 
change occurs and prior to the use of the entry for 
implicit address translation by that CPU. 

d. When any change is made to an offset or length 
specified for a table, each CPU which may have a TLB 
entry formed from a table entry that no longer lies 
within its table must be caused to purge its TLB after 
the change occurs and prior to the use of the table for 
implicit translation by that CPU. 

Note that when an invalid page-table entry is made valid 
without introducing intermediate valid values, the TLB need 
not be cleared in a CPU which does not have any TLB entries 
formed from that entry. Similarly, when an invalid region 
table or segment-table entry is made valid without introduc 
ing intermediate valid values, the TLB need not be cleared in 
a CPU which does not have any TLB entries formed from that 
validated entry and which does not have any TLB entries 
formed from entries in a page table attached by means of that 
validated entry. 
The execution of PURGE TLB, COMPARE AND SWAP 

AND PURGE, or SET PREFIX may have an adverse effect 
on the performance of some models. Use of these instructions 
should, therefore, be minimized in conformance with the 
above rules. 

6. The following considerations are in effect when EDAT-1 
applies: 
a. When the STE-format and ACCF-validity controls are 

both one, it is unpredictable whether the CPU inspects 
the access-control bits and the fetch-protection bit in 
the segment-table entry or in the storage key of the 
corresponding 4K-byte block for any given key-con 
trolled-protection check. Therefore, the program 
should ensure that the access-control bits and fetch 
protection bit in the segment-table entry are identical 
to the respective fields in all 256 storage keys for the 
constituent 4K-byte blocks of the segment, before 
setting the invalid bit in the STE to zero. 
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12 
Prior to changing the ACCF-validity control, the 

access-control bits, or the fetch protection bit in the 
segment-table entry, and prior to changing the 
access-control bits or fetch-protection bit in any of 
the segment's 256 storage keys, the program 
should first set the invalid bit to one in the segment 
table entry and clear all entries in all TLBs in the 
configuration, as described previously in this sec 
tion. 

b. Prior to setting the change-recording override to Zero 
in a segment-table entry, the program should set the 
invalid bit to one in the segment-table entry, and clear 
all entries in all TLBs in the configuration (for 
example, by using INVALIDATE DAT TABLE 
ENTRY). Invalidating the table entry is not required if 
the change is made using COMPARE AND 
REPLACE DAT TABLE ENTRY or a form of COM 
PAREAND SWAPANDPURGE that clears the TLB. 

c. Prior to setting the change-recording override to Zero 
in page-table entry, the program should set the invalid 
bit to one in the page-table entry, and clear all entries 
in all TLBs in the configuration (for example, by 
using INVALIDATE PAGE TABLE ENTRY). Invali 
dating the table entry is not required if the change is 
made using COMPARE AND REPLACE DAT 
TABLE ENTRY or a form of COMPARE AND 
SWAP ANDPURGE that clears the TLB. 

When EDAT-2 applies, the following additional consider 
ations are in effect: 

a. When the RTTE-format control and ACCF-validity con 
trol are both one, it is unpredictable whether the CPU 
inspects the access-control bits and the fetch-protection 
bit in the region-third-table entry or in the storage key of 
the corresponding 4K-byte block for any given key 
controlled-protection check. Therefore, the program 
should ensure that the access-control bits and fetch 
protection bit in the region-third-table entry are identical 
to the respective fields in all 524.288 storage keys for the 
constituent 4K-byte blocks of the region, before setting 
the invalid bit in the RTTE to Zero. 
Prior to changing the ACCF-validity control, the access 

control bits, or the fetch protection bit in the region 
third-table entry, and prior to changing the access 
control bits or fetch-protection bit in any of the 
region's 524.288 storage keys, the program should 
first set the invalid bit to one in the region-third-table 
entry and clear all entries in all TLBs in the configu 
ration, as described previously in this section. 

b. Prior to setting the change-recording override to Zero in 
a region-third-table entry, the program should set the 
invalid bit to one in the region-third-table entry, and clear 
all entries in all TLBs in the configuration (for example, 
by using INVALIDATE DAT TABLE ENTRY). Invali 
dating the table entry is not required if the change is 
made using COMPARE AND REPLACE DAT TABLE 
ENTRY or a form of COMPARE AND SWAP AND 
PURGE that clears the TLB. 

Failure to observe these procedures may lead to unpredict 
able results, possibly including a delayed-access-excep 
tion machine-check or failure to record a change. 

Enhanced-DAT Facility 1 
The enhanced-DAT facility 1 may be available on models 

implementing Z/Architecture. When the facility is installed 
and enabled, DAT translation may produce either a page 
frame real address or a segment frame absolute address, deter 
mined by the STE-format control in the segment-table entry. 
When the facility is installed in a configuration, a new bit in 
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control register 0 enables the facility. Note: The term EDAT-1 
applies is used pervasively in this document to describe the 
condition of when the enhanced-DAT facility 1 is installed in 
the configuration and enabled by control register 0. 
When EDAT-1 applies, the following additional function is 

available in the DAT process: 
A DAT-protection bit is added to region-table entries, pro 

viding function similar to the DAT-protection bits in the 
segment- and page-table entries. 

A STE-format control is added to the segment table entry. 
When the STE-format control is zero, DAT proceeds as 
is currently defined, except that a change-recording 
override in the page-table entry indicates whether set 
ting of the change bit may be bypassed for the page. 

When the STE-format control is one, the segment-table 
entry also contains the following: 
A segment-frame absolute address (rather than a page 

table origin) specifying the absolute storage location 
of the 1 M-byte block. 

Access-control bits and a fetch-protection bit which 
optionally may be used in lieu of the corresponding 
bits in the segments individual storage keys 

Abit which determines the validity of the access-control 
bits and a fetch-protection bit in the segment-table 
entry 

A change-recording override which indicates whether 
setting of the change bit may be bypassed in the seg 
ments individual storage keys. The facility adds the 
PERFORM FRAME MANAGEMENT FUNCTION 
control instruction. The facility includes enhance 
ments or changes to the following control instruc 
tions: LOAD PAGE-TABLE-ENTRY ADDRESS 8 
MOVE PAGE O SET STORAGE KEY EXTENDED 8 
TEST PROTECTION 

Enhanced-DAT Facility 2 
The enhanced-DAT facility 2 may be available on models 
implementing Z/Architecture. When the facility is installed 
and enabled, DAT translation may produce either a page 
frame real address, a segment frame absolute address, or a 
region-frame absolute address, determined by format con 
trols in the region third-table entry (if any) and the segment 
table entry (if any). 
Note: 

The term EDAT-2 applies is used pervasively in this docu 
ment to describe the condition of when the enhanced-DAT 
facility 2 is installed in the configuration and enabled by 
control register 0. 
When EDAT-2 applies, the following additional function is 
available in the DAT process: 

EDAT-1 applies. 
A format control is added to the region-third-table entry 

(RTTE). When the RTTE-format control is zero, DAT 
proceeds as is the case for when EDAT-1 applies. 

When the RTTE-format control is one, the region-third 
table entry also contains the following: 
A region-frame absolute address (rather than a segment 

table origin) specifying the absolute storage location 
of the 2 G-byte block. 

Access-control bits and a fetch-protection bit which 
optionally may be used in lieu of the corresponding 
bits in the region’s individual storage keys 

Abit which determines the validity of the access-control 
bits and a fetch-protection bit in the region-third-table 
entry—A change-recording override which indicates 
whether setting of the change bit may be bypassed in 
the region’s individual storage keys. The enhanced 
DAT facility 2 adds the COMPARE AND REPLACE 
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14 
DAT TABLE entry instruction, providing for the 
dynamic replacement of valid, attached DAT-table 
entries, and the selective clearing of any TLB entries 
created from the replaced entry. The enhanced-DAT 
facility 2 also includes enhancements or changes to 
the following control instructions: INVALIDATE 
DAT TABLE ENTRY 8 LOAD PAGE-TABLE-EN 
TRY ADDRESS 8 MOVE PAGE O PERFORM 
FRAME MANAGEMENT FUNCTION 0 TEST 
PROTECTION When the enhanced-DAT facility 2 is 
installed, the enhanced-DAT facility 1 is also 
installed. 

INVALIDATE DAT TABLE ENTRY (IDTE) performs the 
invalidation-and-clearing operation by selectively clearing 
TLB combined region and segment table entries when a seg 
ment-table entry or entries are invalidated. IDTE also per 
forms the clearing-by-ASCE operation. 

During execution of an IDTE instruction, a specified por 
tion of storage (e.g., virtual storage) is invalidated. As 
examples, a segment of storage, which includes a plurality of 
pages of storage, or a region of storage, which includes a 
plurality of segments of storage, is selected to be invalidated. 
The invalidation is facilitated by the setting of invalidation 
indicators located in data structure entries corresponding to 
the units of storage to be invalidated. In a further aspect, 
buffer entries (e.g., Translation Lookaside Buffer entries) 
associated with the storage being invalidated, or other Stor 
age, are cleared. Yet further, in another aspect, buffer entries 
associated with selected address spaces are cleared from buff 
ers without affecting buffer entries of non-selected address 
spaces, and without performing invalidation. In one example, 
an instruction, referred to herein as an Invalidate Dynamic 
Address Translation (DAT) Table Entry (IDTE) instruction, 
from the IBM(R) Z/Architecture is used to perform one or more 
of the above operations. 
Invalidate DAT Table Entry 
IDTE R. R. R.M. 
Note: 
The term “specified CPU or CPUs has the following 

meaning for scope of TLBs affected by this instruction: 
When the local-TLB-clearing facility is not installed, or 
when the facility is installed and the local-clearing-con 
trol (LC) bit in the Mafield is zero, the term “specified 
CPU or CPUs” means all of the CPUs in the configura 
tion. 

When the local-TLB-clearing facility is installed and the 
LC bit in the M field is one, the term “specified CPU or 
CPUs’ means only the CPU executing the IDTE instruc 
tion (the local CPU). The TLBs in all other CPUs in the 
configuration may not be affected. 

When the clearing-by-ASCE-option bit, bit 52 of general 
register R, is Zero, an operation called the invalidation-and 
clearing operation is performed, as follows. The designated 
region-table entry or segment-table entry in storage, or a 
range of entries beginning with the designated entry, is invali 
dated, and the translation-lookaside buffers (TLBs) in the 
specified CPU or CPUs in the configuration are cleared of (1) 
all TLB table entries of the designated type formed through 
the use of the invalidated entry or entries in storage, and (2) all 
lower-level TLB table entries formed through the use of the 
cleared higher-level TLB table entries. The TLB entries 
cleared may optionally be limited to entries formed to trans 
late addresses in a specified address space. 
When the clearing-by-ASCE-option bit is one, an opera 

tion called the clearing-by-ASCE operation is performed, as 
follows. The operation does not perform any invalidation of 
DAT-table entries in storage, but it does clear, from the TLBs 
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in all CPUs in the configuration, all region-first-table entries, 
region-second-table entries, region-third-table entries, seg 
ment-table entries and page-table entries formed to translate 
addresses in a specified address space. 
The bits of the Mafield are defined as follows: 5 
Reserved: Bits 0-1 of the M field are ignored but should 

contain Zeros; otherwise, the program may not operate 
compatibly in the future. 

Format-Control Summary (FS): When EDAT-2 applies, bit 
2 of the Mafield is the format-control summary (FS) for 10 
the invalidation-and-clearing operation. Bit 2 of the M 
field is ignored for the clearing-by-ASCE operation and 
when EDAT-2 does not apply. 

The format-control Summary applies when the designation 
type (DT), bits 60-61 of the general register R, is 00 or 0 1 15 
binary; when the DT in general register R is 10 or 11 binary, 
the format-control Summary is ignored. 

Local-Clearing Control (LC): When the local-TLB-clear 
ing facility is installed, the LC bit, bit 3 of the Mafield, 
controls whether only the TLB in the local CPU is 20 
cleared or whether the TLBs in all CPUs of the configu 
ration are cleared. When the local-TLB-clearing facility 
is not installed, bit 3 of the M field is ignored. 

Invalidation-and-Clearing Operation 
When bit 52 of general register R, the clearing-by-ASCE- 25 
option bit, is Zero, the invalidation-and-clearing operation is 
specified. 
The contents of general register R have the format of an 

address-space-control element with only the table origin, bits 
0-51, and designation-type control (DT), bits 60 and 61, used. 30 
The table origin designates the DAT table in which one or 
more entries are to be invalidated, and DT specifiesthetype of 
that table. 
Bits 52-59, 62, and 63 of general register R are ignored. 

Bits 0-43 of general register R, have the format of the 35 
region index and segment index of a virtual address. The part 
of bits 0-43 normally used by DAT to select an entry in the 
type of table designated by general register R is called the 
effective invalidation index. 
Bits 60 and 61 of general register R specify a table type and 40 
an effective invalidation index as follows: 
The part of bits 0-43 of general register R to the right of the 
effective invalidation index is ignored. 
The table origin in general register R and the effective 

invalidation index designate a DAT-table entry to be invali- 45 
dated. Bits 53-63 of general register Rare an unsigned binary 
integer specifying the number of additional table entries to be 
invalidated. Therefore, the number of entries to be invalidated 
is 1-2,048, corresponding to a value of bits 53-63. 
Bits 44-51 of general register R must be zeros; otherwise, a 50 
specification exception is recognized. 

If R is nonzero, the contents of general register Rs have the 
format of an address-space-control element with only the 
table origin, bits 0-51, and designation-type control (DT), bits 
60 and 61, used. These contents are used to select TLB entries 55 
to be cleared. Bits 52-59, 62, and 63 of general register R are 
ignored. If R is Zero, the entire contents of general register 0 
are ignored, and TLB entries are cleared regardless of the 
ASCE used to form them. 
The table origin in general register R and effective invali- 60 

dation index in general register R. designate a table entry in 
accordance with the rules in “Lookup in a Table Designated 
by an Address-Space-Control Element in the “Z/Architec 
ture Principles of Operation.” IBM Publication No. SA22 
7832-08, August 2010, which is hereby incorporated herein 65 
by reference in its entirety, except that a carry from bit posi 
tion 0 of the resulting address is always ignored, and the index 
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is not checked against a table-length field. The table origin is 
treated as a 64-bit address, and the addition is performed by 
using the rules for 64-bit address arithmetic, regardless of the 
current addressing mode specified by bits 31 and 32 of the 
current PSW. The address formed from these two components 
is a real or absolute address. The invalid bit, bit 58, of this 
region-table or segment-table entry is set to one. During this 
procedure, the entry is not checked for a format error or for 
whether the origin, in the entry, of the next-lower-level table 
would cause an addressing exception. The table-type field in 
the entry is ignored. If the entry is a segment-table entry, the 
common-segment bit in the entry is ignored. If EDAT-2 
applies and the entry is a region-third-table entry, the com 
mon-region bit in the entry is ignored. 
The entire table entry is fetched concurrently from storage. 

Subsequently, the byte containing the invalid bit is stored. The 
fetch access to the entry is Subject to key-controlled protec 
tion, and the store access is subject to key-controlled protec 
tion and low-address protection. 

If bits 53-63 of general register R are not all zeros, the 
setting of the invalid bit to one in a region-table or segment 
table entry is repeated by adding one to the previously used 
value of the effective invalidation index, and this is done as 
many times as are specified by bits 53-63. A carry out of the 
leftmost bit position of the effective invalidation index is 
ignored, and wraparound in the table occurs in this case. The 
contents of general register R remain unchanged. 
A serialization function is performed before the operation 

begins and again after the operation is completed. As is the 
case for all serialization operations, this serialization applies 
only to this CPU; other CPUs are not necessarily serialized. 

After it has set an invalid bit to one, this CPU clears 
selected entries from its TLB. Then if the local-TLB-clearing 
facility is not installed, or if the facility is installed and LC bit 
in the Mafield is zero, this CPU signals all other CPUs in the 
configuration to clear selected entries from their TLBs. Each 
affected TLB is cleared of at least those entries for which all 
of the following conditions are met: 
The effective invalidation index in general register R 

matches the corresponding index in the TLB table entry 
of type designated by the DT field in bits 60-61 of 
general register R. If the model implements a compos 
ite TLB entry that includes the index designated by the 
DT field, bits to the left of the effective index in general 
register R also match any corresponding bits provided 
in the designated TLB table entry. Note that when mul 
tiple table entries are invalidated due to bits 53-63 of 
general register R, then the effective invalidation index 
is incremented, a carry out of the leftmost bit position of 
the index is lost, and TLB region- or segment-table 
entries are cleared for each value of the index so 
obtained. 

Either the R field is zero, or the table-origin and designa 
tion-type fields in general register R match the table 
origin and designation-type fields in the address-space 
control element (ASCE) used to form the TLB table 
entry. 

If the R field is zero, then the condition described in this 
step does not apply. 

If the entry invalidated in storage designates a lower-level 
translation table, the lower-level table origin in the 
invalidated entry matches the table-origin field in the 
TLB table entry. 

Each affected TLB is also cleared of at least any lower 
level TLB table entries for which all of the following condi 
tions are met: 
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The lower-level TLB table entry was formed through use of 
an entry invalidated in storage orthrough use of a higher 
level TLB table entry formed through use of either an 
entry invalidated in storage or a TLB entry cleared in this 
process. 

Either the R field is Zero or the table-origin and designa 
tion-type fields in general register Rs match the table 
origin and designation-type fields in the address-space 
control element (ASCE) used to form the lower-level 
TLB table entry. This ASCE may be one that attached a 
translation path containing a higher-level table entry that 
attached the lower-level table entry in storage from 
which the lower-level TLB table entry was formed, or it 
may be one that made usable a higher-level TLB table 
entry that attached the lower-level table entry in storage 
from which the lower-level TLB table entry was formed. 
If the R field is Zero, then the condition described in this 
step does not apply. 

If the entry invalidated in Storage designates a lower-level 
translation table, the lower-level table origin in the 
invalidated entry matches the table-origin field in the 
TLB table entry. 

Programming Notes: 
1. Setting the format-control Summary to one may provide 
improved performance on certain models. 

2. When the designation type (DT), bits 60-61 of general 
register R, is 00 binary, the format-control Summary 
applies to the segment-table entries being invalidated. 
When the DT in general register R is 01 binary, the 
format-control Summary applies to the region-third 
table entries being invalidated. 

3. The program should only set the format-control sum 
mary to one if it can ensure that format control (bit 53 of 
the table entry) is one in all of the table entries being 
invalidated. If the format-control Summary is set to one, 
but the format control is not one in all of the table entries 
being invalidated, incomplete purging of the TLB may 
occur, resulting in unpredictable results from DAT. 

4. The M field of the instruction is considered to be 
optional, as indicated by the field being contained within 
brackets in the assembler syntax. When the Mafield is 
not specified, the assembler places Zeros in that field of 
the instruction. 

Storing in the region- or segment-table entry and the clear 
ing of TLB entries may or may not occur if the invalid bit is 
already one in the region- or segment-table entry. 
When multiple entries are invalidated, clearing of TLB 

entries may be delayed until all entries have been invalidated. 
Clearing-by-ASCE Operation 
When bit 52 of general register R, the clearing-by-ASCE 

option bit, is one, the clearing-by-ASCE operation is speci 
fied. 
The contents of general register Rs have the format of an 

address-space-control element with only the table origin, bits 
0-51, and designation-type control (DT), bits 60 and 61, used. 
These contents are used to select TLB entries to be cleared. 
Bits 52-59, 62, and 63 of general register R are ignored. R. 
may be Zero or nonzero, that is, any general register, including 
register 0, may be designated. 

Bits 44-51 of general register R must be zeros; otherwise, 
a specification exception is recognized. 
The contents of general register R and of bit positions 0-43 

and 53-63 of general register R are ignored. 
The TLBs of the specified CPU or CPUs in the configura 

tion are cleared at all levels of at least those entries for which 
the table-origin and designation-type fields in general register 
R match the table-origin and designation-type fields in the 
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address-space-control element (ASCE) used to form the 
entry. This ASCE is the one used in the translation during 
which the entry was formed. 
When the clearing-by-ASCE-option bit (bit 52 of general 
register R is one), the M field is ignored. 
Common Operation 
The execution of INVALIDATE DAT TABLE ENTRY is 

not completed on the CPU which executes it until the follow 
ing occur: 

1. All entries meeting the criteria specified above have been 
cleared from the TLB of this CPU. When the local-TLB 
clearing facility is installed and the LC bit in the Mafield 
is one, execution of INVALIDATE DAT TABLE 
ENTRY is complete at this point and the following step 
is not performed. 

2. When the local-TLB-clearing facility is not installed, or 
when the facility is installed and the LC bit in the Ma 
field is zero, all other CPUs in the configuration have 
completed any storage accesses, including the updating 
of the change and reference bits, by using TLB entries 
corresponding to the specified parameters. 

The operations do not necessarily have any effect on TLB 
real-space entries. 
Special Conditions: 
Bits 44-51 of general register R must be zeros; otherwise, a 
specification exception is recognized. 
The operation is Suppressed on all addressing and protection 
exceptions (invalidation-and-clearing operation only). 
Resulting Condition Code: 
The code is unpredictable. 

Program Exceptions: 
Addressing (invalidated region- or segment-table entry, 

invalidation-and-clearing operation only). 
Operation (if the DAT-enhancement facility is not 

installed) 
Privileged operation 
Protection (fetch and store, region- or segment-table entry, 

key-controlled protection and low-address protection; 
invalidation-and-clearing operation only). 

Specification 
Programming Notes: 

1. The selective clearing of TLB entries may be imple 
mented in different ways, depending on the model, and, 
in general, more entries may be cleared than the mini 
mum number required. When the invalidation-and 
clearing operation is performed. Some models may clear 
all TLB entries when the effective invalidation index is 
not a segment index or may clear an entry regardless of 
the page-table origin in the entry. When that operation or 
the clearing-by-ASCE operation is performed, some 
models may clear a TLB entry regardless of the desig 
nation-type field in general register R. When either 
operation is performed, other models may clear pre 
cisely the minimum number of entries required. There 
fore, in order for a program to operate on all models, the 
program should not take advantage of any properties 
obtained by a less selective clearing on a particular 
model. 

2. When using the clearing-by-ASCE operation to clear 
TLB entries associated with common segments, note 
that these entries may have been formed through use of 
address-space-control elements containing many differ 
ent table origins. 

The following notes apply when the invalidation-and-clear 
ing operation is specified. 

3. The clearing of TLB entries may make use of the page 
table origin in a segment-table entry. Therefore, if the 
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segment-table entry, when in the attached State, ever 
contained a page-table origin that is different from the 
current value, copies of entries containing the previous 
values may remain in the TLB. 

4. INVALIDATE DAT TABLE ENTRY cannot be safely 
used to update a shared location in main storage if the 
possibility exists that another CPU or a channel program 
may also be updating the location. 

5. The address of the DAT-table entry for INVALIDATE 
DAT TABLE ENTRY is a 64-bit address, and the 
addressarithmetic is performed by following the normal 
rules for 64-bit address arithmetic, with wraparound at 
2-1. Also, offset and length fields are not used. Con 
trast this with implicit translation and the translations for 
LOAD REAL ADDRESS and STORE REAL 
ADDRESS, all of which may result either in wrap 
around or in an addressing exception when a carry 
occurs out of bit position 0 and which indicate an excep 
tion condition when the designated entry does not lie 
within its table. Accordingly, the DAT tables should not 
be specified to wrap from maximum storage locations to 
location 0, and the first designated entry and all addi 
tional entries specified by bits 53-63 of general register 
R. should lie within the designated table. 

6. When the local-TLB-clearing facility is installed, the 
local-clearing control should be specified as one when 
the ASCE used to form the TLB entries being cleared has 
been attached only to the CPU on which the IDTE 
instruction is executed (for example, if the program is 
running on a uniprocessor). Otherwise, unpredictable 
results, including the presentation of a delayed-access 
exception machine check, may occur. 
On some models, use of INVALIDATE DAT TABLE 
ENTRY specifying clearing of only the local TLB for 
the cases listed above may result in significant perfor 
mance improvements. 

7. The M field of the instruction is considered to be 
optional, as indicated by the field being contained within 
brackets in the assembler syntax. When the Mafield is 
not specified, the assembler places Zeros in that field of 
the instruction. 

Invalidate Page Table Entry 
IPTE R.R.R.M. 
Note: 

The term “specified CPU or CPUs” has the following 
meaning for scope of TLBs affected by this instruction: 
When the local-TLB-clearing facility is not installed, or 
when the facility is installed and the local-clearing-con 
trol (LC) bit in the Mafield is zero, the term “specified 
CPU or CPUs” means all of the CPUs in the configura 
tion. 

When the local-TLB-clearing facility is installed and the 
LC bit in the Mafield is one, the term “specified CPU or 
CPUs” means only the CPU executing the IPTE instruc 
tion (the local CPU). The TLBs in all other CPUs in the 
configuration may not be affected. 

The designated page-table entries are invalidated, and the 
translation-lookaside buffers (TLBs) in the specified CPU or 
CPUs in the configuration are cleared of the associated 
entries. 
The contents of general register R have the format of a 

segment-table entry, with only the page-table origin used. The 
contents of general register R have the format of a virtual 
address, with only the page index used. The contents offields 
that are not part of the page-table origin or page index are 
ignored. 
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When the IPTE-range facility is not installed, or when the R 
field is Zero, the single page-table entry designated by the first 
and second operands is invalidated. 
When the IPTE-range facility is installed and the R field is 

nonzero, bits 56-63 of general register R contain an unsigned 
binary integer specifying the count of additional page-table 
entries to be invalidated. Therefore, the number of page-table 
entries to be invalidated is 1-256, corresponding to a value of 
0-255 in bits 56-63 of the register. 
When the IPTE-range facility is not installed, the R field is 

ignored but should contain Zeros; otherwise, the program may 
not operate compatibly in the future. 
The bits of the M field are defined as follows: 
Reserved: Bits 0-2 are reserved. Reserved bit positions of 

the M field are ignored but should contain Zeros; oth 
erwise, the program may not operate compatibly in the 
future. 

Local-Clearing Control (LC): When the local-TLB-clear 
ing facility is installed, the LC bit, bit 3 of the Mafield, 
controls whether only the TLB in the local CPU is 
cleared or whether the TLBs in all CPUs of the configu 
ration are cleared. When the local-TLB-clearing facility 
is not installed, bit 3 of the M field is reserved. 

The page-table origin and the page index designate a page 
table entry, following the dynamic-address-translation rules 
for page-table lookup. The page-table origin is treated as a 
64-bit address, and the addition is performed by using the 
rules for 64-bit address arithmetic, regardless of the current 
addressing mode, which is specified by bits 31 and 32 of the 
current PSW. A carry out of bit position 0 as a result of the 
addition of the page index and page-table origin cannot occur. 
The address formed from these two components is a real or 
absolute address. The page-invalid bit of this page-table entry 
is set to one. During this procedure, the page-table entry is not 
inspected for whether the page-invalid bit is already one or for 
format errors. Additionally, the page-frame real address con 
tained in the entry is not checked for an addressing exception. 
When the IPTE-range facility is installed and the R field is 

nonzero, the instruction is interruptible, and processing is as 
follows: 

1. The invalidation process described above is repeated for 
each Subsequent entry in the page table until either the 
number of additional entries specified in bits 56-63 of 
general register Rs have been invalidated oran interrup 
tion occurs. 

2. The page-index in bits 44-51 of general register R is 
incremented by the number of page-table entries that 
were invalidated; a carry out of bit position 44 of general 
register R is ignored. 

3. The additional-entry count in bits 56-63 of general reg 
ister R is decremented by the number of page-table 
entries that were invalidated. 

Therefore, when the IPTE-range facility is installed, the R 
field is nonzero, and an interruption occurs (other than one 
that causes termination), general registers R and Rs have 
been updated, so that the instruction, when reexecuted, 
resumes at the point of interruption. 
When the IPTE-range facility is not installed, or when the R 
field is Zero, the contents of registers R, and R remain 
unchanged. 

For each page-table entry that is invalidated, the entire 
page-table entry appears to be fetched concurrently from 
storage as observed by other CPUs. Subsequently, the byte 
containing the page-invalid bit is stored. The fetch access to 
each page-table entry is Subject to key-controlled protection, 
and the store access is subject to key-controlled protection 
and low-address protection. 
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A serialization function is performed before the operation 
begins and again after the operation is completed. As is the 
case for all serialization operations, this serialization applies 
only to this CPU; other CPUs are not necessarily serialized. 

If no exceptions are recognized, this CPU clears selected 
entries from its TLB. Then if the local-TLB-clearing facility 
is not installed, or if the facility is installed and LC bit in the 
M field is zero, this CPU signals all CPUs in the configura 
tion to clear selected entries from their TLBs. For each page 
table entry invalidated, each affected TLB is cleared of at least 
those entries that have been formed using all of the following: 

The page-table origin specified by general register R 
The page index specified by general register R 
The page-frame real address contained in the designated 

page-table entry 
The execution of INVALIDATE PAGE TABLE ENTRY is 

not completed on the CPU which executes it until the follow 
ing occur: 

1. All page-table entries corresponding to the specified 
parameters have been invalidated. 

2. All entries corresponding to the specified parameters 
have been cleared from the TLB of this CPU. When the 
local-TLB-clearing facility is installed and the LC bit in 
the M field is one, the execution of INVALIDATE 
PAGE TABLE entry is complete at this point and the 
following step is not performed. 

3. When the local-TLB-clearing facility is not installed, or 
when the facility is installed and LC bit in the Mafield is 
Zero, all other CPUs in the configuration have completed 
any storage accesses, including the updating of the 
change and reference bits, by using TLB entries corre 
sponding to the specified parameters. 

Special Conditions 
When the IPTE-range facility is installed, the R field is 

nonzero, and the page index in general register R. plus the 
additional-entry count in general register R is greater than 
255, a specification exception is recognized. 
The operation is Suppressed on all addressing and protection 
exceptions. 
Condition Code: 
The code remains unchanged. 

Program Exceptions: 
Addressing (page-table entry) 
Privileged operation 
Protection (fetch and store, page-table entry, key-con 

trolled protection, and low-address protection) 
Specification 

Programming Notes: 
1. The selective clearing of entries may be implemented in 

different ways, depending on the model, and, in general, 
more entries may be cleared than the minimum number 
required. Some models may clear all entries which con 
tain the page-frame real addresses obtained from the 
page-table entries in storage. Others may clear all entries 
which contain the designated page index (or indices), 
and some implementations may clear precisely the mini 
mum number of entries required. Therefore, in order for 
a program to operate on all models, the program should 
not take advantage of any properties obtained by a less 
Selective clearing on a particular model. 

2. The clearing of TLB entries may make use of the page 
frame real addresses in the page-table entries. Therefore, 
if the page-table entries, when in the attached state, ever 
contained page-frame real addresses that are different 
from the current values, copies of entries containing the 
previous values may remain in the TLB. 
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3. INVALIDATE PAGE TABLE ENTRY cannot be safely 

used to update a shared location in main storage if the 
possibility exists that another CPU or a channel program 
may also be updating the location. 

4. When the IPTE-range facility is installed and the R field 
is nonzero, the following applies: 
a. All of the page-table entries to be invalidated must 

reside in the same page table. A specification excep 
tion is recognized if the page index in general register 
R plus the additional-entry count in general register 
R is greater than the maximum page index of 255. 

b. The number of page-table entries that are invalidated 
by INVALIDATE PAGE TABLE ENTRY may vary 
from one execution to another. 

c. The instruction cannot be used for situations where the 
program must rely on uninterrupted execution of the 
instruction. Similarly, the program should normally 
not use INVALIDATE PAGE TABLE ENTRY to 
invalidate a page-table entry, the page-frame-real 
address of which designates the 4K-byte block con 
taining the instruction or of an execute-type instruc 
tion that executes the IPTE. 

5. When the local-TLB-clearing facility is installed, the 
local-clearing control should be specified as one when 
the ASCEused to form the TLB entries being cleared has 
been attached only to the CPU on which the IPTE 
instruction is executed (for example, if the program is 
running on a uniprocessor). Otherwise, unpredictable 
results, including the presentation of a delayed-access 
exception machine check, may occur. 
On some models, use of INVALIDATE PAGE TABLE 
ENTRY specifying clearing of only the local TLB for 
the cases listed above may result in significant perfor 
mance improvements. 

6. The R and M fields of the instruction are considered to 
be optional, as indicated by the fields being contained 
within brackets in the assembler syntax. When either 
field is not specified, the assembler places Zeros in the 
corresponding field of the instruction. When the Mafield 
is coded but the R field is not required, a zero should be 
coded to designate the place of the third operand. 

One embodiment of a computing environment 100 incor 
porating and using one or more aspects is described with 
reference to FIG.1. Computing environment 100 is based, for 
instance, on the Z/Architecture offered by International Busi 
ness Machines Corporation, Armonk, N.Y. The Z/Architec 
ture is described in the IBM(R) publication entitled, “Z/Archi 
tecture Principles of Operation.” IBM Publication No. SA22 
7832-08, August 2010. (IBM(R) is a registered trademark of 
International Business Machines Corporation, Armonk, N.Y., 
U.S.A. Other names used herein may be registered trade 
marks, trademarks or product names of International Busi 
ness Machines Corporation or other companies.) In one 
example, a computing environment based on the Z/Architec 
ture includes an eServer zSeries, offered by International 
Business Machines Corporation, Armonk, N.Y. 
As one example, computing environment 100 includes a 

central processor complex (CPC) 102 coupled to a controller 
120. Central processor complex 102 includes, for instance, 
one or more partitions 104 (e.g., logical partitions LP1-LPn), 
one or more central processors 106 (e.g., CP1-CPm), and a 
hypervisor 108 (e.g., a logical partition manager), each of 
which is described below. 

Each logical partition 104 is capable of functioning as a 
separate system. That is, each logical partition can be inde 
pendently reset, initially loaded with an operating system, if 
desired, and operate with different programs. An operating 
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system or application program running in a logical partition 
appears to have access to a full and complete system, but in 
reality, only a portion of it is available. A combination of 
hardware and Licensed Internal Code (commonly referred to 
as microcode) keeps a program in a logical partition from 
interfering with a program in a different logical partition. This 
allows several different logical partitions to operate on a 
single or multiple physical processors in a time sliced manner. 
In this particular example, each logical partition has a resident 
operating system 110, which may differ for one or more 
logical partitions. In one embodiment, operating system 110 
is the Z/OS operating system, offered by International Busi 
ness Machines Corporation, Armonk, N.Y. 

Central processors 106 are physical processor resources 
that are allocated to the logical partitions. For instance, a 
logical partition 104 includes one or more logical processors, 
each of which represents all or a share of a physical processor 
resource 106 allocated to the partition. The logical processors 
of a particular partition 104 may be either dedicated to the 
partition, so that the underlying processor resource is 
reserved for that partition; or shared with another partition, so 
that the underlying processor resource is potentially available 
to another partition. 

Logical partitions 104 are managed by hypervisor 108 
implemented by microcode running on processors 106. Logi 
cal partitions 104 and hypervisor 108 each comprise one or 
more programs residing in respective portions of central Stor 
age associated with the central processors. One example of 
hypervisor 108 is the Processor Resource/Systems Manager 
(PR/SM), offered by International Business Machines Cor 
poration, Armonk, N.Y. 

Controller 120, which is coupled to the central processor 
complex, includes centralized logic responsible for arbitrat 
ing between different processors issuing requests. For 
instance, when controller 120 receives a request, it deter 
mines that the requester is the master processor for that 
request and that the other processors are slave processors; it 
broadcasts messages; and otherwise, handles requests. One 
example of a controller is described in U.S. Pat. No. 6,199, 
219, entitled “System Serialization With Early Release Of 
Individual Processor.” Webb et al., Sep. 12, 2000, which is 
hereby incorporated herein by reference in its entirety. Fur 
ther details are also described with reference to FIG. 2. 
FIG. 2 depicts one example of a controller 200 coupled to a 
plurality of central processors (CPUs) 201. In this example, 
two central processors are depicted. However, it will be 
understood that more than two processors may be coupled to 
controller 200. 

Controller 200 includes various controls including, for 
instance, system serialization controls 202. The system seri 
alization controls are used to ensure that operations that are to 
be serialized. Such as invalidate instructions, are serialized, in 
that only one such instruction is in progress at one time in the 
computing environment. It also monitors the sequence of 
events for that operation. 

Controller 200 is coupled to each central processor via 
various interfaces. For instance, an interface 204 is used by 
the Licensed Internal Code in a central processor to send 
“control commands to the controller, which specify an 
action to be taken, and to send 'sense' commands, which 
return information from the controller. Another interface is a 
response bus 206, which is used to return information from 
the controller for the “sense' commands. The response bus is 
also used to communicate command status for “control’ com 
mands, and may be set from a plurality of sources within the 
controller, including the system serialization controls. A cen 
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tral processor can use this interface to sense the state of the 
system serialization controls in controller 200. 
A further interface is interface 208, which is used by the 

controller to send commands to each CPU. This may also be 
controlled from a plurality of sources within the controller, 
including system serialization controls 202. A yet further 
interface is interface 210, which provides signals to cache 
controls 212 of central processor 201. Cache controls 212 
process commands, in response to the signals. In one 
example, cache controls 212 process commands that affect 
one or more buffers, such as Translation Lookaside Buffers 
(TLBs) 213, as described in further detail below. 

In addition to cache controls 212, central processor 201 
includes various other controls, including, for instance, inter 
rupt controls 220 and execution controls 222. In response to 
particular events, interrupt controls 220 cause an internal 
interruption to be pending in the CPU, which in turn, causes 
execution controls 222 to Suspend program instruction pro 
cessing, at the next interruptible point. In response to the 
interruption, execution controls 222 invokes a Licensed Inter 
nal Code routine to set a broadcast operation allowed latch 
224 to enable cache controls 212 to process pending com 
mands. 

Central processor 201 also includes a Central Processing 
Unit (CPU) quiesced latch 226 that indicates whether or not 
the central processor is quiesced. The term CPU and Proces 
Sor may be used interchangeably in the specification. 
The above described computing environment is only one 

example. Many variations are possible. For example, one or 
more partitions can be running in different architecture 
modes. Further, as another example, the environment need 
not be based on the Z/Architecture, but instead, can be based 
on other architectures offered by Intel, Sun Microsystems, as 
well as others. Moreover, an environment may include an 
emulator (e.g., software or other emulation mechanisms), in 
which a particular architecture or subset thereof is emulated. 
In Such an environment, one or more emulation functions of 
the emulator can implement one or more aspects, even though 
a computer executing the emulator may have a differentarchi 
tecture than the capabilities being emulated. As one example, 
in emulation mode, the specific instruction or operation being 
emulated is decoded, and an appropriate emulation function 
is built to implement the individual instruction or operation. 

Further details of an emulation environment are described 
with reference to FIG. 3. As one example, a host computer 
300 is capable of emulating another architecture, computer 
and/or processing capabilities of another computer. For 
instance, host computer 300 is based on an Intel architecture: 
a RISC architecture, such as PowerPC; a SPARC architec 
ture, offered by Sun Microsystems; or another architecture, 
and is capable of emulating the Z/Architecture of IBM(R) or 
another architecture of IBM(R) or another entity. 

Host computer 300 includes, for instance, a memory 302 to 
store instructions and data; an instruction fetch unit 304 to 
fetch instructions from memory 302, and to optionally, pro 
vide local buffering for the fetched instructions; an instruc 
tion decode unit 306 to receive instructions from instruction 
fetch unit 304 and to determine the type of instructions that 
have been fetched; and an instruction execution unit 308 to 
execute the instructions. Execution may include loading data 
into a register from memory 302; storing databack to memory 
from a register, or performing some type of arithmetic or 
logical operation, as determined by the decode unit. 

In one example, each unit described above is implemented 
in Software. For instance, the operations being performed by 
the units are implemented as one or more Subroutines within 
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emulator Software. In another example, one or more of the 
operations are implemented in firmware, hardware, Software 
or some combination thereof. 

Further, although FIG. 3 is described with reference to 
emulation, the environment of FIG. 3 need not be an emula 
tion environment. In another example, instructions are 
executed in a native environment, and the operations are 
implemented in hardware, firmware, Software or some com 
bination thereof. 
A computing environment may include virtual storage, as 

well as main storage. Virtual storage may far exceed the size 
of main storage available in the configuration and is normally 
maintained in auxiliary storage. Virtual storage is considered 
to be composed of blocks of addresses, called pages. The 
most recently referred to pages of virtual storage are assigned 
to occupy blocks of physical main storage. As a user refers to 
pages of virtual storage that do not appearin main storage, the 
virtual pages are brought in to replace the pages in main 
storage that are less likely to be used. The Swapping of pages 
in storage may be performed by the operating system without 
the user's knowledge. 

The addresses used to designate locations in virtual storage 
are referred to as virtual addresses. A block of sequential 
virtual addresses spanning, for instance, up to 4 kbytes, is 
referred to as a page. Similarly, a block of sequential virtual 
pages spanning, for instance, up to 1 M bytes is referred to as 
a segment; and a block of sequential virtual segments span 
ning, for instance, up to 2 G bytes, is referred to as a region. 
Further, a sequence of virtual addresses associated with Vir 
tual storage designated by an address space control element 
(ASCE) is called an address space. Address spaces may be 
used to provide degrees of isolation between users. An 
address space can include one or more regions, one or more 
segments, one or more pages, or some combination thereof. 

Associated with the different types of units of storage (e.g., 
regions, segments, pages) are data structures to be used in 
processing associated with the units of storage. For example, 
associated with regions are region tables; associated with 
segments are segment tables; and associated with pages are 
page tables. These tables are used, for instance, during trans 
lation (e.g., Dynamic Address Translation) of a virtual 
address to a real address that is used to access main storage. 
The tables to be used in translation, referred to herein as 
translation tables, are designated by an address space control 
element (ASCE). A unit of virtual storage that is not currently 
assigned to main storage is called invalid. The invalid State of 
a unit of virtual storage is indicated by an invalid indicator in 
the data structure associated with the unit. 

The dynamic address translation mechanism is imple 
mented, in one embodiment, such that the information 
derived from the translation tables (e.g., region tables, seg 
ment tables and/or page tables) through the DAT process is 
maintained in one or more buffers located within the proces 
sors, referred to herein as Translation Lookaside Buffers, in 
order to enhance performance of address translation. That is, 
during the translation, the buffers are checked for the needed 
information, and then, if the information is not in the buffers, 
one or more of the translation tables are accessed. 

In emulation mode, the specific instruction being emulated 
is decoded, and a subroutine is built to implement the indi 
vidual instruction, as in a C Subroutine or driver, or some 
other technique is used for providing a driver for the specific 
hardware, as is within the skill of those in the art after under 
standing the description of an embodiment. Various Software 
and hardware emulation patents including, but not limited to, 
U.S. Pat. No. 5,551,013, entitled “Multiprocessor for Hard 
ware Emulation, Beausoleil et al.; U.S. Pat. No. 6,009,261, 
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entitled “Preprocessing of Stored Target Routines for Emu 
lating Incompatible Instructions on a Target Processor.” 
Scalzi et al.; U.S. Pat. No. 5,574,873, entitled “Decoding 
Guest Instruction to Directly Access Emulation Routines 
That Emulate the Guest Instructions.” Davidian et al., U.S. 
Pat. No. 6,308.255, entitled “Symmetrical Multiprocessing 
Bus and Chipset Used for Coprocessor Support Allowing 
Non-Native Code to Run in a System. Gorishek et al.; U.S. 
Pat. No. 6,463,582, entitled “Dynamic Optimizing Object 
Code Translator For Architecture Emulation and Dynamic 
Optimizing Object Code Translation Method. Lethin et al.: 
and U.S. Pat. No. 5,790,825, entitled “Method for Emulating 
Guest Instructions on a Host Computer Through Dynamic 
Recompilation of Host Instructions.” Eric Traut; each of 
which is hereby incorporated herein by reference in its 
entirety, and many others, illustrate a variety of known ways 
to achieve emulation of an instruction format architected for 
a different machine for a target machine available to those 
skilled in the art, as well as those commercial software tech 
niques used by those referenced above. 
Compare and Replace DAT Table Entry (CRDTE) 

Described is a CPU instruction (COMPARE AND 
REPLACE DAT TABLE ENTRY) that may replace a valid 
DAT table entry with a new entry, and purge the TLB of any 
copies of (at least) the single entry on all CPUs in the con 
figuration. This instruction does not require that any active 
tasks be suspended, and it may not purge more entries than are 
necessary. 
When the CRDTE instruction is executed, the selective 

clearing of entries may be implemented in different ways, 
depending on the model, and, in general, more entries may be 
cleared than the minimum number required. Some models 
may clear all entries which contain the page-frame real 
addresses obtained from the page-table entries in storage. 

If the control program needs to replace a valid entry in a 
DAT table (that is, a table entry that is potentially in use by 
other CPUs), it may perform one of the following operations: 

Suspend execution of all tasks that may use this DAT-table 
entry on all CPUs in the configuration, invalidate and 
purge the entry on all CPUs (for example, using IPTE), 
replace the invalidated entry with a new entry, and redis 
patch the Suspended tasks. 

Replace the DAT table entry and purge the entire TLB on 
all CPUs in the configuration (for example, using 
CSPG). 

The first option is complex, in that it requires un-dispatch 
ing and re-dispatching tasks. The second option is sub-opti 
mal in that it requires the purging of the entire TLB, even 
though only one entry is being changed. 

In one embodiment, a computer processor obtains an 
instruction for processing. Based on the opcode, the machine 
processes the Compare and Replace DAT Table Entry 
(CRDTE) instruction. The CRDTE instruction has the fol 
lowing format: 

opcode R M R R2 

The R and R fields each designate an even-odd pair of 
general registers and must designate an even-numbered reg 
ister; otherwise, a specification exception is recognized. Gen 
eral register R (the even register of the pair) contains the first 
operand. The first operand may be called the compare value. 
General register R+1 (the odd register of the pair) may be 
called the replacement value. 
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In carrying out the instruction, the first and a second oper 
and are compared. The first operand is located in general 
register R1. The second operand is a designated by general 
registers R and R+1. R. and R+1 contain addressing infor 
mation such as designated-table type (DTT), and effective 
index into the table to locate the second operand. 
Once the first and second operands are obtained they are 

then compared, and if they are equal, the contents of general 
register R+1 are stored at the second-operand location, and 
the specified CPU or CPUs in the configuration are cleared of 
(1) all TLB table entries of the designated type formed 
through the use of the replaced entry in storage, and (2) all 
lower-level TLB table entries formed through the use of the 
cleared higher-level TLB table entries. The TLB entries 
cleared may optionally be limited to entries formed to trans 
late addresses in a specified address space. The resulting 
condition code is set to 0. 

If the first and second operands are not equal, the second 
operand is loaded at the first-operand location and the result 
ing condition code is set to 1. The M field may determine 
whether to clear the TLBs of all CPUs in a configuration or 
only the TLB in the CPU executing the instruction. 
FIG. 4 displays a chart of an embodiment. 

In one embodiment, a computer processor obtains a 
CRDTE instruction 0401 for processing. Based on the 
opcode, the machine processes the Compare and Replace 
DAT Table Entry instruction. 
The R and R2 fields each designate an even-odd pair of 

general registers 0405 and must designate an even-numbered 
register; otherwise, a specification exception is recognized. 
General register R (the even register of the pair) 0410 con 
tains the first operand in bit positions 0-63. The first operand 
may be called the compare value. Bit positions 0-63 of gen 
eral register R+1 (the odd register of the pair) 0411 may be 
called the replacement value. 

In executing the instruction, the first and a second operand 
are compared. The first operand is located in general register 
R1 0410. The second operand is a doubleword in storage 
designated by general registers R. 0420 and R+10421. Bits 
59-61 of general register R are the designated-table type 
(DTT), specifying the bits in general register R that form the 
origin of a table 0430 in storage 0440; the DTT also specifies 
the bits in general register R+1 that are used as the effective 
index into the table to locate the second operand 0435. 
Once the first and second operands are compared 0436, if 

they are equal, the contents of general register R+1 are stored 
at the second-operand location 0445, and as shown in 0450, 
the specified CPU or CPUs in the configuration are cleared of 
(1) all TLB table entries of the designated type formed 
through the use of the replaced entry in storage, and (2) all 
lower-level TLB table entries formed through the use of the 
cleared higher-level TLB table entries. The TLB entries 
cleared may optionally be limited to entries formed to trans 
late addresses in a specified address space. The resulting 
condition code is set to 0 as shown in 0455. 

If the first and second operands are unequal, the second 
operand is loaded at the first-operand location 0460. The 
resulting condition code is set to 1 as shown in 0465. 

The instruction 04.01 may utilize the M field 0402 to 
determine whether to selectively clear the TLBs of all CPUs 
in a configuration 1570 or only the TLB in the CPU executing 
the instruction 1575. The M field contains a Local Clearing 
(LC) control. If the LC control in the Ma field is zero, the 
TLBs in all the CPUs in the configuration will be affected. If 
the LC control field in the Ma field is one, only the TLB 
associated with the CPU executing the Compare and Replace 
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DATTable Entry instruction may be affected. The TLBs in all 
other CPUs in the configuration may not be affected. 

Note: The term “specified CPU or CPUs” has the following 
meaning for scope of TLBs affected by this instruction: 
When the local-clearing (LC) control in the M field is 

Zero, the term “specified CPU or CPUs” means all of the 
CPUs in the configuration. 
When the LC control in the M field is one, the term 

“specified CPU or CPUs” means only the CPU executing the 
COMPARE AND REPLACE DAT TABLE ENTRY instruc 
tion (the local CPU). The TLBs in all other CPUs in the 
configuration may not be affected. 
The first and second operands are compared. If they are 

equal, the contents of general register R+1 are stored at the 
second-operand location, and the specified CPU or CPUs in 
the configuration are cleared of (1) all TLB table entries of the 
designated type formed through the use of the replaced entry 
in storage, and (2) all lower-level TLB table entries formed 
through the use of the cleared higher-level TLB table entries. 
The TLB entries cleared may optionally be limited to entries 
formed to translate addresses in a specified address space. 

If the first and second operands are unequal, the second 
operand is loaded at the first-operand location. However, on 
Some models, the second operand may be fetched and Subse 
quently stored back unchanged at the second-operand loca 
tion. This update appears to be a block-concurrent inter 
locked-update reference as observed by other CPUs. The 
result of the comparison is indicated by the condition code. 
The R and R2 fields each designate an even-odd pair of 

general registers and must designate an even-numbered reg 
ister; otherwise, a specification exception is recognized. With 
regards now to FIG. 5, the first operand is called the compare 
value 0501 and is contained in bit positions 0-63 of general 
register R. Bit positions 0-63 of general register R+1 are 
called the replacement value 0510. 
The second operand is a doubleword in storage designated 

by general registers R and R+1 0540. Bits 59-61 of general 
register R are the designated-table type (DTT), specifying 
the bits in general register R that form the origin of a table in 
storage; the DTT also specifies the bits in general register 
R+1 0540 that are used as the effective index into the table to 
locate the second operand, as follows: 

Table Origin 
DTT (bits 59-61 of Bits in Effective Index Bits 

Register R2) Table Type Register R2 in Register R2 + 1 

OOO Page O-52 44-51 
OO1-O11 

100 Segment O-51 33-43 
101 Region third O-51 22-32 
110 Region second O-51 11-21 
111 Region first O-51 O-10 

When the DTT is 000 binary as shown in 0520, the contents 
of bit positions 0-52 of general register R, with eleven zeros 
appended on the right, 0521, form the table origin, and bits 
53-58 in 0522, 62 in 0523, and 63 in 0524 of the register are 
ignored. When the DTT is 100-111 binary as shown in 0530, 
the contents of bit positions 0-51 of general register R, with 
twelve zeros appended on the right, 0531 form the table 
origin, and bits 52-58 in 0532, 62 in 0533, and 63 in 0534 of 
the register are ignored. DTT values of 001, 010, and 011 
binary are invalid; a specification exception is recognized if 
the DTT is invalid. 

Bits 0-51 of general register R+1 0540 have the format of 
the region index, segment index, and page index of a virtual 
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address. The part of bits 0-51 in 0541 normally used by DAT 
to select an entry in the type of table designated by the DTT is 
called the effective index. The part of bits 0-51 of general 
register R+1 to the right of the effective index is ignored. Bit 
positions 52-63 of general register R+1,0542, are reserved 
and must contain Zeros; otherwise, a specification exception 
is recognized. 

If R 0550 is nonzero, the contents of general register R 
have the format of an address-space-control element with 
only the table origin, bits 0-51 in 0551, and designation-type 
control (DT), bits 60 and 61 in 0553, used. These are used to 
select TLB entries to be cleared. Bits 52-59 in 0552, 62 in 
0554, and 63 in 0555 of general register R are ignored. If R 
is Zero, the entire contents of general register 0 are ignored, 
and TLB entries are cleared regardless of the ASCE used to 
form them. 
The M field is shown in FIG. 6. 
The bits of the Mafield are defined as follows: 
Reserved: Bits 0-2 as shown in 0601 are reserved. 

Reserved bit positions of the Mafield are ignored but should 
contain Zeros; otherwise, the program may not operate com 
patibly in the future. 

Local-Clearing Control (LC): 
The LC bit, bit 3 of the M field 0602, controls whether only 
the TLB in the local CPU is cleared, or whether the TLBs in 
all CPUs of the configuration are cleared. 
When the first and second operands are equal, the contents 

of general register R+1 are stored at the second-operand 
location, and the translation-lookaside buffers (TLBs) in the 
specified CPUs in the configuration are cleared of (1) all TLB 
table entries of the designated type formed through the use of 
the original contents of the second operand in storage (that is, 
the contents of the second operand before it is replaced with 
the replacement value), and (2) all lower-level TLB table 
entries formed through the use of the cleared higher-level 
TLB table entries. The TLB entries cleared may optionally be 
limited to entries formed to translate addresses in a specified 
address space. 

Depending on the table type, the table origin in general 
register R and effective index in general register R+1 des 
ignate a table entry inaccordance with the rules in “Lookup in 
a Table Designated by an Address-Space-Control Element' 
or “Page-Table Lookup” in the Z/Architecture Principles of 
Operation.” IBM Publication No. SA22-7832-08, August 
2010, except that a carry from bit position 0 of the resulting 
address is always ignored, and the index is not checked 
against a table-length field. The table origin is treated as a 
64-bit address, and the addition is performed by using the 
rules for 64-bit address arithmetic, regardless of the current 
addressing mode specified by bits 31 and 32 of the current 
PSW. The address formed from these two components is a 
real or absolute address. The contents of the table entry are not 
examined for validity, and no exception conditions are rec 
ognized due to the contents of the table entry. 
The fetch and store of the table entry are performed as a 

block-concurrent interlocked update. The fetch access to the 
entry is Subject to key-controlled protection, and the store 
access is subject to key-controlled protection and low-address 
protection. 
A serialization function is performed before the operation 

begins and again after the operation is completed. As is the 
case for all serialization operations, this serialization applies 
only to this CPU; other CPUs are not necessarily serialized. 
When the first and second operands are equal, this CPU 

clears selected entries from its TLB. In addition to the clear 
ing of the local CPU, if the LC bit in the M field is Zero, all 
other CPUs in the configuration are signalled to clear selected 
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entries from their TLBs. Each TLB is cleared of at least those 
entries for which all of the following conditions are met: 
The effective index in general register R+1 matches the 

corresponding index in the TLB table entry of type des 
ignated by the DTT field in bits 59-61 of general register 
R. If the model implements a composite TLB entry that 
includes the index designated by the DTT field, bits to 
the left of the effective index in general register R+1 
also match any corresponding bits provided in the des 
ignated TLB table entry. 

Either the R field is zero, or the table-origin and designa 
tion-type fields in general register R match the table 
origin and designation-type fields in the address-space 
control element (ASCE) used to form the TLB table 
entry. 

If the R field is zero, then the condition described in this 
step does not apply. 

If EDAT-1 applies and the entry replaced in storage is a 
segment-table entry, or if EDAT-2 applies and the entry 
replaced in storage is a region-third-table entry, the for 
mat control in the replaced entry matches that of the TLB 
entry. 

If the replaced entry in Storage designates a lower-level 
translation table, the lower-level table origin in the entry 
matches the table-origin field in the TLB table entry. 

If EDAT-1 applies and the entry replaced in storage is a 
segment-table entry in which the format control is one, 
or if EDAT-2 applies and the entry replaced in storage is 
a region-third-table entry in which the format control is 
one, the segment-frame absolute address or region 
frame absolute address, respectively, in the replaced 
entry matches that of the TLB entry. 

Each affected TLB is also cleared of at least any lower 
level TLB table entries for which all of the following condi 
tions are met: 
The lower-level TLB table entry was formed through use of 

the replaced entry in storage or through use of a higher 
level TLB table entry formed through use of either the 
replaced entry in storage or a TLB entry cleared in this 
process. 

Either the R field is Zero or the table-origin and designa 
tion-type fields in general register Rs match the table 
origin and designation-type fields in the address-space 
control element (ASCE) used to form the lower-level 
TLB table entry. This ASCE may be one that attached a 
translation path containing a higher-level table entry that 
attached the lower-level table entry in storage from 
which the lower-level TLB table entry was formed, or it 
may be one that made usable a higher-level TLB table 
entry that attached the lower-level table entry in storage 
from which the lower-level TLB table entry was formed. 

If the R field is zero, then the condition described in this 
step does not apply. 

If EDAT-1 applies and the entry replaced in storage is a 
segment-table entry, or if EDAT-2 applies and the entry 
replaced in storage is a region-third-table entry, the for 
mat control in the replaced entry matches that of the TLB 
entry. 

If the entry in storage designates a lower-level translation 
table, the lower-level table origin in the entry matches the 
table-origin field in the TLB table entry. 
When the first and second operands are equal, the execu 

tion of COMPAREAND REPLACE DAT TABLE ENTRY is 
not completed on the CPU which executes it until the follow 
ing occurs: 

1. All entries meeting the criteria specified above have been 
cleared from the TLB of this CPU. When the LC control in the 
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M field is one, execution of COMPARE AND REPLACE 
DAT TABLE ENTRY is complete, and the following step is 
not performed. 

2. When the LC control in the Ma field is Zero, all other 
CPUs in the configuration have completed any storage 
accesses, including the updating of the change and reference 
bits. 

The operation does not necessarily have any effect on TLB 
real-space entries. 

Special Conditions 
A specification exception is recognized, and the operation 

is Suppressed if any of the following is true: 
Either the R or R field is odd. 
The DTT fields, bit positions 59-61 of general register R. 

contain 001, 010, or 011 binary. 
Bit positions 52-63 of general register R+1 contain non 

Zero values. 
The operation is suppressed on all addressing and protec 

tion exceptions. 
Resulting Condition Code: 

0 First and second operands equal, second operand 
replaced by contents of general register 
R1+1 
1—First and second operands unequal, first operand replaced 
by second operand 
2— 
3— 

Program Exceptions: 
Addressing 
Operation (if the enhanced-DAT facility 2 is not installed) 
Privileged operation 
Protection (fetch and store, region-, segment-, or page 

table entry, key-controlled protection and low-address pro 
tection) 

Specification 
Programming Notes: 

1. The selective clearing of TLB entries may be implemented 
in different ways, depending on the model, and, in general, 
more entries may be cleared than the minimum number 
required. 
2. When clearing TLB entries associated with common seg 
ments, note that these entries may have been formed through 
use of address-space-control elements containing many dif 
ferent table origins. 
3. The Mafield of the instruction is considered to be optional, 
as indicated by the field being contained within brackets in 
the assembler syntax. When the M field is not specified, the 
assembler places Zeros in that field of the instruction. 
4. The local-clearing control should be specified as one only 
when either of the following are true; otherwise, unpredict 
able results, including the presentation of a delayed-access 
exception machine check, may occur. 
The program is running in a uni-processor configuration. 
The program is assigned to run on a single CPU and the 

affinity between the program and that CPU is main 
tained. 

On some models, use of COMPARE AND REPLACE DAT 
TABLE ENTRY specifying clearing of only the local TLB for 
the cases listed above may result in significant performance 
improvements. 
Many variations to the above environment are possible. For 

example, one or more aspects are equally applicable to, for 
instance, virtual machine emulation, in which one or more 
pageable entities (e.g., guests) execute on one or more pro 
cessors. As one example, pageable guests are defined by the 
Start Interpretive Execution (SIE) architecture, one example 
of which is described in an IBM publication entitled, “IBM 
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System/370 Extended Architecture.” IBM Publication No. 
SA22-7095 (1985), which is hereby incorporated herein by 
reference in its entirety. 

Although SIE and the Z/Architecture are mentioned above, 
one or more aspects are equally applicable to other architec 
tures and/or environments employing pageable entities or 
similar constructs. 

Moreover, the various embodiments described above are 
just examples. For instance, although a logically partitioned 
environment is described herein, this is only one example. 
Aspects are beneficial to many types of environments, includ 
ing other environments that have a plurality of Zones, and 
non-partitioned environments. Further, there may be no cen 
tral processor complexes, but yet, multiple processors 
coupled together. Yet further, one or more aspects are appli 
cable to single processor environments. 

Although particular environments are described herein, 
again, many variations to these environments can be imple 
mented. For example, if the environment is logically parti 
tioned, then more or fewer logical partitions may be included 
in the environment. Further, there may be multiple central 
processing complexes coupled together. These are only some 
of the variations that can be made. Additionally, other varia 
tions are possible. Further, the environment may include mul 
tiple controllers. Yet further, multiple quiescent requests 
(from one or more controllers) may be concurrently outstand 
ing in the system. Additional variations are also possible. 

Advantageously, one or more aspects can benefit from 
performance enhancements described in one or more of the 
following US patents: U.S. Pat. No. 7,530,067, entitled “Fil 
tering Processor Requests Based On Identifiers.” Siegel et al.: 
U.S. Pat. No. 7,020,761, entitled “Blocking Processing 
Restrictions Based On Page Indices. Siegel et al.; and U.S. 
Pat. No. 6,996,698, entitled “Blocking Processing Restric 
tions Based On Addresses.” Siegel et al., each of which is 
hereby incorporated herein by reference in its entirety. 
As used herein, the term “processing unit includes page 

able entities, such as guests; processors; emulators; and/or 
other similar components. Moreover, the term “by a process 
ing unit' includes on behalf of a processing unit. The term 
“buffer includes an area of storage, as well as different types 
of data structures, including, but not limited to, arrays; and the 
term “table can include other than table type data structures. 
Further, the instruction can include other than registers to 
designate information. Moreover, a page, a segment and/or a 
region can be of sizes different than those described herein. 
One or more of the capabilities can be implemented in 

Software, firmware, hardware, or some combination thereof. 
Further, one or more of the capabilities can be emulated. 
One or more aspects can be included in an article of manu 

facture (e.g., one or more computer program products) hav 
ing, for instance, computer usable media. The media has 
embodied therein, for instance, computer readable program 
code means or logic (e.g., instructions, code, commands, etc.) 
to provide and facilitate capabilities. The article of manufac 
ture can be included as a part of a computer system or sold 
separately. 

Additionally, at least one program storage device readable 
by a machine embodying at least one program of instructions 
executable by the machine to perform the capabilities can be 
provided. 
The flow diagrams depicted herein are just examples. 

There may be many variations to these diagrams or the steps 
(or operations) described therein. For instance, the steps may 
be performed in a differing order, or steps may be added, 
deleted or modified. 
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Although preferred embodiments have been depicted and 
described in detail herein, it will be apparent to those skilled 
in the relevant art that various modifications, additions, Sub 
stitutions and the like can be made and these are therefore 
considered to be within the scope as defined in the following 
claims. 

In a further embodiment, a data processing system Suitable 
for storing and/or executing program code is usable that 
includes at least one processor coupled directly or indirectly 
to memory elements through a system bus. The memory 
elements include, for instance, local memory employed dur 
ing actual execution of the program code, bulk storage, and 
cache memory which provide temporary storage of at least 
Some program code in order to reduce the number of times 
code must be retrieved from bulk storage during execution. 

Input/Output or I/O devices (including, but not limited to, 
keyboards, displays, pointing devices, DASD, tape, CDs, 
DVDs, thumb drives and other memory media, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. Network adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers or 
storage devices through intervening private or public net 
works. Modems, cable modems, and Ethernet cards are just a 
few of the available types of network adapters. 
One or more aspects can be included in an article of manu 

facture (e.g., one or more computer program products) hav 
ing, for instance, computer usable media. The media has 
therein, for instance, computer readable program code means 
or logic (e.g., instructions, code, commands, etc.) to provide 
and facilitate the capabilities. The article of manufacture can 
be included as a part of a system (e.g., computer system) or 
sold separately. 
One example of an article of manufacture or a computer 

program product incorporating one or more aspects is 
described with reference to FIG. 7. A computer program 
product 0700 includes, for instance, one or more computer 
usable media 0702 to store computer readable program code 
means or logic 0704 thereon to provide and facilitate one or 
more aspects. The medium can be an electronic, magnetic, 
optical, electromagnetic, infrared, or semiconductor system 
(or apparatus or device) or a propagation medium. Examples 
of a computer readable medium include a semiconductor or 
Solid state memory, magnetic tape, a removable computer 
diskette, a random access memory (RAM), a read-only 
memory (ROM), a rigid magnetic disk and an optical disk. 
Examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disk-read/write (CD-RAN) 
and DVD. A sequence of program instructions or a logical 
assembly of one or more interrelated modules defined by one 
or more computer readable program code means or logic 
direct the performance of one or more aspects. 
We claim: 
1. A computer program product for selectively clearing a 

local Translation Lookaside Buffer (TLB) of a processor or a 
plurality of Translation Lookaside Buffers of a plurality of 
processors, the computer program product comprising: 

computer readable storage medium having program code 
embodied therewith, the program code readable by a 
computer processor to perform a method comprising: 
executing, by the processor, an instruction, the executing 

comprising: 
determining one or more translation table entry loca 

tions specified by the instruction; 
based on a local-clearing (LC) control specified by the 

instruction being a first value, selectively clearing 
TLBS in a plurality of processors in a configuration 
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34 
of entries corresponding to the determined transla 
tion table entry location; and 

based on the local-clearing (LC) control being a sec 
ond value, selectively clearing only the TLBs of the 
processor of the configuration executing the 
instruction of entries corresponding to the deter 
mined translation table entry location. 

2. The program product of claim 1, the executing further 
comprising: 

any one of invalidating or replacing content of the deter 
mined one or more translation table entry locations. 

3. The program product of claim 2, the executing further 
comprising: 

invalidating content of a range of one or more translation 
table entry locations. 

4. The program product of claim 2, the executing further 
comprising: 

replacing content of the one or more translation table entry 
locations with new content. 

5. The program product of claim 1, wherein the selectively 
clearing further comprises: 

clearing TLB entries associated with dependent translation 
table entries, wherein the dependent translation table 
entries are entries in lower level translation tables con 
figured to be accessed by dynamic address translation of 
the one or more translation table entry locations. 

6. The program product of claim 1, wherein based on the 
LC control being Zero, TLBs in all of the CPUs in a configu 
ration of entries corresponding to the determined translation 
table entry are selectively cleared. 

7. The program product of claim 1, wherein based on the 
LC control being one, the TLB in the CPU executing the 
instruction is selectively cleared. 

8. A computer system for clearing a local Translation 
Lookaside Buffer (TLB), the system comprising: 

a memory; and 
a processor configured to communicate with the memory, 

wherein the computer system is configured to perform a 
method, the method comprising: 
executing, by the processor, an instruction, the executing 

comprising: 
determining one or more translation table entry loca 

tions specified by the instruction; 
based on a local-clearing (LC) control specified by the 

instruction being a first value, selectively clearing 
TLBS in a plurality of processors in a configuration 
of entries corresponding to the determined transla 
tion table entry location; and 

based on the local-clearing (LC) control being a sec 
ond value, selectively clearing only the TLBs of the 
processor of the configuration executing the 
instruction of entries corresponding to the deter 
mined translation table entry location. 

9. The system of claim 8, the executing further comprising: 
any one of invalidating or replacing content of the deter 

mined one or more translation table entry locations. 
10. The system of claim 9, the executing further compris 

ing: 
invalidating content of a range of one or more translation 

table entry locations. 
11. The system of claim 9, the executing further compris 

ing: 
replacing content of the one or more translation table entry 

locations with new content. 
12. The system of claim 8, wherein the selectively clearing 

further comprises: 
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clearing TLB entries associated with dependent translation 
table entries, wherein the dependent translation table 
entries are entries in lower level translation tables con 
figured to be accessed by dynamic address translation of 
the one or more translation table entry locations. 

13. The system of claim 8, wherein based on the LC control 
being Zero, TLBs in all of the CPUs in a configuration of 
entries corresponding to the determined translation table 
entry are selectively cleared. 

14. The system of claim 8, wherein based on the LC control 
being one, the TLB in the CPU executing the instruction is 
selectively cleared. 

15. A computer implemented method for clearing a local 
Translation Lookaside Buffer (TLB), the method comprising: 

determining one or more translation table entry locations 
specified by the instruction: 

based on a local-clearing (LC) control specified by the 
instruction being a first value, selectively clearingTLBS 
in a plurality of processors in a configuration of entries 
corresponding to the determined translation table entry 
location; and 

based on the local-clearing (LC) control being a second 
value, selectively clearing only the TLBs of the proces 
sor of the configuration executing the instruction of 
entries corresponding to the determined translation table 
entry location. 
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16. The method of claim 15, further comprising: 
any one of invalidating or replacing content of the deter 

mined one or more translation table entry locations. 
17. The method of claim 16, further comprising: 
invalidating content of a range of one or more translation 

table entry locations. 
18. The method of claim 16, further comprising: 
replacing content of the one or more translation table entry 

locations with new content. 

19. The method of claim 15, wherein the selectively clear 
ing further comprises: 

clearing TLB entries associated with dependent translation 
table entries, wherein the dependent translation table 
entries are entries in lower level translation tables con 
figured to be accessed by dynamic address translation of 
the one or more translation table entry locations. 

20. The method of claim 15, wherein based on the LC 
control being Zero, TLBs in all of the CPUs in a configuration 
of entries corresponding to the determined translation table 
entry are selectively cleared; and based on the LC control 
being one, the TLB in the CPU executing the instruction is 
selectively cleared. 


